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Abstract 
In this research, ZnO nanoparticles were synthesized by spray-pyrolysis method using the zinc acetate dihydrate as starting 
material at synthesis temperature of 900ଇ with various concentrations (0.01, 0.1, 1.0 M, respectively). The physico-chemical 
property of synthesized ZnO nanoparticles was characterized by XRD, SEM, FT-IR, and UV-vis spectroscopy. The synthesized 
ZnO nanoparticles indicated particle size with two-type shape. With increased precursor concentration, the ZnO nanoparticles 
were shown not only increasing from 0.8 to 1.5 ȝm at primary particles but also similar tendency (15 to 35 nm) at secondary 
particles. Also, the photocatalytic activities of ZnO synthesized in different precursor concentration was evaluated by removal 
rate of methyleneblue (MB) under UV irradiation (365 nm) at room temperature. The results showed that the photocatalytic 
efficiency of ZnO nanoparticles was enhanced by increased precursor concentration. 
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1. INTRODUCTION 
 
ZnO, which belongs to II-VI group compound semiconductor materials, has been extensively studied in recent 
years for its many advantages. Due to a direct wide band gap of 3.37eV and large exciton binding energy(~60meV) , 
ZnO was used in a wide range of electronic and optical applications such as transparent electrodes [1], light emitting 
diodes(LEDs) [2], varistors [3], field-effect transistors [4] and solar cell [5]. Also, other advantages of high 
oxidation ability, high sensitivity to many gases and low costs were considered in application of gas sensors [6] and 
photocatalyst [7]. Among these applications, ZnO as photocatalyst has considerably attracted attention over the past 
few years because of its high activities in removing organic contaminants created from industrial activities. TiO2 is 
known well as the best photocatalyst material among the metal oxide semiconductors such as ZnO, CdS, and WO3 
etc till now. For the purification of polluted water from a number of organic dyes, it has been widely used with its  
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high oxidation efficiency, photochemical ability, non-toxicity and reusable ability. ZnO absorbs large fraction of the 
solar spectrum along with TiO2. Researches confirmed higher decomposition rates of ZnO for azo-reactive dyes 
such as blue19 [8], Remazol Black B [9], and Remazol red RR [10] so on than those of TiO2. Therefore, steady 
study of ZnO as photocatalyst is necessarily required.  
Up to now, ZnO has been synthesized by various techniques including sol-gel method [11], hydrothermal 
synthesis method [12], chemical vapor deposition (CVD) [13], precipitation method [14], laser vaporization 
condensation method [15] and spray-pyrolysis method [16]. Among these techniques, spray-pyrolysis process has 
been successfully applied to synthesize a wide variety of inorganic and organic materials. It has many advantages, 
which were high purity of synthesized powders, regular shape of particles, a better control of stoichometry and 
chemical regularity in coupled oxide, and continuous working. Also, this technique makes the experimental process 
relatively simple. 
In this work, we have synthesized ZnO nanoparticles by ultrasonic spray-pyrolysis method with different 
precursor concentrations of 0.01, 0.1 and 1.0 M. The influences of particle size, morphology and crystallinity on the 
photocatalytic property of ZnO nanoparticles were studied. For this purpose, aqueous solution of methylene blue 
(MB) was prepared to evaluate photodegradation rate of MB in aqueous dispersions of ZnO nanoparticles under UV 
irradiation (365nm) at room temperature. 
2. EXPERIMENT 
So as to synthesize ZnO particles, three zinc acetate dihydrate solution (0.01, 0.1, 1 M) that were dissolved in 500 
ml of distilled water were prepared as the precursor. For spray of the precursor, the prepared precursor solution was 
placed in bath situated at the upper part of spray pyrolysis equipment. The spray of precursor solution was generated 
by ultrasonic vibrations, and the resulting droplets were then carried into high-temperature furnace tube maintained 
at 900 Ȕ for 2 hr. Then, the synthesized particles were finally kept at room temperature for 12 hr. The mean particle 
size and structure of synthesized ZnO particles were observed by X-ray diffractometer (RIGAKU, D/MAX-2200 
ultima) using CuKĮ radiation (Ȝ=1.54 Å) and the vibrational modes of ZnO particles were analyzed from FT-IR 
spectrophotometer (BRUKER, Optics/vertex 70) in the 4000 - 400 cm-1 range. The particle sizes and morphology 
were identified from field emission scanning electron microscopy (JEOL/JSM6700F) and the optical property of 
ZnO particles were studied by UV-VIS-NIR spectrophotometer (SHIMADZU, ISR-3100) in the range of 200-1000 
nm. In order to evaluate photocatalytic efficiency of synthesized ZnO particles, the methylene blue (MB) solution 
(1ppm) was prepared as the test contaminant. The ZnO particles (0.001 g) were dissolved with MB solution in a 100 
ml pyrex glass bottle, then the solution was dispersed by sonication for 20 min. Before UV irradiation, MB solution 
was stirred in the dark for 60 min. Then, the dispersed aqueous suspensions (4 ml) of ZnO particles were placed in a 
cuvette. Photocatalytic degradation of MB was carried out under UV light irradiation (365 nm) in dark room. Also, 
to observe that no significant decomposition of MB was generated in the absence of ZnO nanoparticles and UV light, 
blank experiments were performed at room temperature. Absorption spectra of MB turned from photocatalysis of 
ZnO particles were observed by UV-visible spectrometer (MECASIS, 2120UV). 
 
3. RESULTS AND DISCUSSION 
 
So as to confirm the crystal structure of synthesized ZnO nanoparticles, the XRD (X-ray diffractometer) analysis 
was carried out. Figure 1 indicated XRD patterns of synthesized ZnO nanoparticles at different precursor 
concentration. It was shown that diffraction peaks in all of three samples reveal ZnO wurtzite structure based on 
JCPDS. And it has been observed that the XRD peak broadening decreased with increase of precursor concentration. 
Due to function of precursor concentration, no phase changes were happened. The XRD spectra were used to 
calculate the size of the ZnO nanoparticles with increase in precursor concentration using Scherrer`s formula [13], 
t=k•Ȝ/B cosș where k is a constant taken as 0.9, Ȝ the wavelength of the X-ray radiation (Ȝ=1.54ȗ), ș the diffraction 
angle and B the full width at half maximum of the XRD peak. The mean particle sizes calculated by using the 
scherrer equation were given in Table 1. It was found that the mean size of ZnO nanoparticles was around 14.5 nm 
at 0.01 M which increased to 29.5 nm when the precursor concentration was 1.0 M.  
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Figure 1: XRD patterns of ZnO nanoparticles at various precursor concentrations. (a) 0.01 M (b) 0.1 M and (c) 1.0 M. 
  
 
 
 
 
 
 
 
 
 
 
 
Figure 2: SEM images of ZnO nanoparticles synthesized at various precursor concentrations. (a) 0.01 M (b) 0.1 M and (c) 1.0 M. 
 
Figure 2 shows SEM images of the ZnO nanoparticles synthesized at 900Ȕ from various precursor 
concentrations. It appears that the secondary particle morphology of spherical shapes does not change significantly 
with increasing concentration. A number of the particles were situated on primary particle in relatively higher 
concentration. Also the primary particles had shapes of crushed sphere. This is because the solvent (i.e. water) 
evaporation characteristic time was shorter than the solute diffusion characteristic time. In other words, hollow, 
porous, or crushed structure particles can be formed when a solute concentration gradient is created during 
evaporation of the droplet. The solute precipitates first on the more highly supersaturated surface if the sufficient 
time is not available for solute diffusion in the droplet. Thus, solution concentration is an important factor to 
influence the morphology of the particles in spray-pyrolysis method. With increased precursor concentration, the 
ZnO nanoparticles were shown not only increasing from 0.8 to 1.5 ȝm at primary particles but also similar tendency 
(15 to 35 nm) at secondary particles. The secondary particle sizes are respectively in a good agreement with those 
calculated by scherrer equation.  
 
 Sang Duck Lee et al. /  Physics Procedia  32 ( 2012 )  320 – 326 323
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: FT-IR spectra of ZnO nanoparticles synthesized at various precursor concentrations. (a) 0.01 M (b) 0.1 M and (c) 1.0 M. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Direct band gaps of synthesized ZnO nanoparticles at various precursor concentrations. (a) 0.01 M (b) 0.1 M and (c) 1.0 
M. 
 
In order to analyze further structure and impurities in synthesized ZnO particles, we make use of the FT-IR 
spectrophotometer. The spectra of ZnO nanoparticles synthesized at various precursor concentrations were 
illustrated in Figure 3. In all the samples, the absorption band near 3450 cm-1 displays the O-H stretching mode that 
has been caused by atmospheric moisture, and the stretching modes of Zn-O can be found out at 447cm-1 [17].  
In 0.01 M sample, a peak corresponding to CO symmetric stretching at 1386cm-1 can be found [17], which is most 
likely from acetate groups mixed with a metal such as zinc. A small quantity of zinc acetate at spectra which was not 
decomposed during the synthesis process of ZnO particle was gradually decreased in quantity with increased 
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precursor concentration. In other word, it can be deduced that the acetate pieces capped on surface of ZnO particles 
were completely decomposed at precursor of 1.0M.  
 
Table 1: The particle size, surface area, and band gap energy of synthesized ZnO nanoparticles at precursor concentration of 0.01, 
0.1 and 1.0 M respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In order to determine direct band gaps of synthesized ZnO nanoparticles, the UV-Vis reflection spectra were 
obtained. The band gap of each sample was determined from a plot of (Įhv)2 versus photon energy (hv) where Į is 
the absorption coefficient determined from reflectance spectra according to Kubelka-munk theory , h is the planck’s 
constant, v is the photon frequency [18]. In this plot, an extrapolation of the linear region of a plot of (Įhv)2 on the 
y-axis versus photon energy (hv) on the x-axis gave the value of the direct band gap. Here the direct band gap of the 
ZnO nanoparticle was evaluated by extrapolating the straight line part of the curves as shown in Figure 4. The band 
gaps of the samples determined in this way were found to be 3.11, 3.17 and 3.19 eV for the samples synthesized at 
0.01, 0.1 and 1.0 M, respectively (Table 1). It can be seen that the band gaps of the synthesized ZnO particles were 
lower than the band gap of ZnO (3.37 eV) in the literature. However, the blue-shift of the band gap became more 
evident with increasing precursor concentration, which could be because of better crystal structure obtained at high 
concentration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Photocatalytic efficiency of synthesized ZnO nanoparticles by decomposition of MB solution. The absorption spectrum 
of MB solution with increasing UV light irradiation time is shown in the inset. 
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The photocatalytic efficiency of ZnO nanoparticles synthesized at different concentration was evaluated by the 
photobleaching of MB (1ppm) in aqueous solution. Figure 5 indicates that the intensity of absorption peak of MB 
with increasing irradiation time was reduced in the UV-Vis spectrum.  
After exposure by UV light for 20 min, the relative amounts of MB decomposed by photocatalysis of ZnO 
nanoparticles were 31 , 67 and 94 % respectively when ZnO synthesiezd at 0.01, 0.1, 1.0M were used as 
photocatalyst. Finally, ZnO nanoparticles prepared from the 1.0 M precursor had the highest photocatalytic 
efficiency of all samples which indicated photobleaching of 100 % at irradiation time for 30 min. Consequently, 
results in Figure 5 showed that the photocatalytic efficiency by increasing precursor concentration became higher. 
With increasing concentration, the mean particle size became higher, i.e. the surface area was decreased as shown in 
Table 1. Maybe, this could lead to a reduced photocatalytic activity of ZnO synthesized at higher concentrations. 
However, it should be mentioned that the organic groups from the precursor on the surface of ZnO was removed at 
increasing precursor concentration, and their crystal structure also was better when observing the UV reflectance 
spectra and XRD peaks. These could be related to the higher photocatalytic activity of ZnO synthesized at higher 
concentration. 
 
4. CONCLUTION 
 
We successfully synthesized the ZnO nanoparticles by spray-pyrolysis method under different precursor 
concentration. All of the samples had the wurtzite hexagonal structure and their mean particle sizes and crystallinity 
were gradually improved due to higher morality. Besides, sizes of the primary, secondary particles in SEM image 
tend to increase. And by observing UV reflectance spectra, the blue-shift of the band gap was clearly shown with 
increasing precursor concentration. Also, IR spectrum at sample of 0.01 M confirmed as symmetric stretching at 
1386 cm-1 can be found, which are most likely from acetate groups of precursor. Consequently, the sample prepared 
at 1.0 M indicated only the stretching vibration of Zn-O. Test results of the photocatalytic efficiency indicated that 
the synthesized ZnO photocatalyst had good photocatalytic activity. After by exposure of UV light for 20 min, the 
photocatalytic efficiency for MB was 31, 67 and 94 % at 0.01, 0.1 and 1.0 M and finally it was reached to 
photocatalytic efficiency of 100 % at 30 min when ZnO synthesiezd at 1.0 M was used as photocatalyst. 
Consequently, the above results can be concluded that as residual acetate pieces on the surface of ZnO were 
decomposed during synthesis time when using 1.0 M precursor, the ZnO nanoparticles of high quality could be 
synthesized with large particle sizes. Even if the surface area of ZnO nanoparticles was decreased with increasing 
concentration, Photocatalytic efficiency was increased for many active sites. And it can be considered as a 
promising photocatalyst for dyes wastewater treatment. 
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